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$\min f(x)$ , $x\in \mathrm{R}^{n}$
. $f$. : $\mathrm{R}^{7l}arrow \mathrm{R}$
.
, $x_{1}$ $B_{1}$ , $\{x_{k}\}$
$x_{k+1}=x_{k}-\alpha_{k}B_{k}^{-1}\nabla f(x_{k})$ , $k=1,2,$ . .
. $\alpha_{k}$ , $B_{k}$ $f$ 2 $f$ (xk)








DFP , Broyden $|$
BFGS .
, ,




Multi-step . Zhang, Deng and Chen [5], Zhang and Xu [6]
, ,
, $B_{k+1}$
. , BFGS ,
$\ddagger \mathrm{E}$ DFP 1 . [4] Zhang





, $g(x)=\nabla f(x)$ . , $f_{k}=f$ (xk),
$g_{k}=g$ (xk) .
Zhang :
$B_{k+1}s_{k}=y_{k}+ \frac{\theta_{k}}{s_{k}^{\mathrm{T}}u}u$ . (1)
, $s_{k}=x_{k+1}-x_{k},$ $y_{k}=g_{k+1}-g_{k},$ $\theta_{k}=6(f_{k}-f_{k+1})+3s_{k}^{\mathrm{T}}(g_{k}+g_{k+1})$ , $u\in \mathrm{R}^{n}$
$s_{k}^{\mathrm{T}}u\neq 0$ .
Zhang, Deng and Chen [5] $u=s_{k}$ , Zhang and
Xu[6] .









, (1) $\rho\geq 0$ :
$B_{k+1}s_{k}=z_{k}$ , $z_{k}=y_{k}+ \frac{\rho\theta_{k}}{s_{k}^{\mathrm{T}}u}u$ . (2)










, $\phi_{k}$ Broyden . $\rho=1$ $\phi_{k}=0,$ $\phi_{k}=1$ ,
Zhang $[5, 6]$ BFGS , DFP . $\rho=1$






Step 0 $x_{1}\in \mathrm{R}^{n}$ $B_{1}\in \mathrm{R}^{n\mathrm{x}n}$ . $k:=1$
Stel) 1. 1 $B_{k}d_{k}=-g_{k}$
Step 2. $\alpha_{k}$ , $x_{k+1}:=x_{k}+\alpha_{k}d_{k}$
Step 3. \ulcorner \mbox{\boldmath $\tau$}-IE , Step 4 .
Step 4. $B_{k}$ Broyden (3) .
Step 5. $k:=k+1$ , Step 1 .
Step 2 , $\alpha_{k}$ Wolfe :
$f(x_{k}+\alpha_{k}d_{k})$ $\leq$ $f_{k}+\sigma_{l}$ \mbox{\boldmath $\alpha$}kgkTdk (4)
$g(x_{k}+\alpha_{k}d_{k})^{\mathrm{T}}d_{k}$ $\geq$ $\sigma$2 $g_{k}^{\mathrm{T}}d_{k}$ . (5)




. Zhang, Deng and Chen [5] $u=s_{k}$ :Zhang and






Al. $f$ 2 .
A2. $D=$ { $x\in \mathrm{R}^{n}|f(x)\leq f($x1)} . , $m$ ,
$M$ ,
$m||p||^{2}\leq p^{\mathrm{T}}\nabla^{2}f(x)p\leq M||p||^{2}’$. $\forall p\in \mathrm{R}^{n}.$, $\forall x\in D$ .
A3. (2) $u$ : $\mu\in(0,1]$ ,
$|s$’ $u|\geq\mu||$ sk $||||$u $||$ , $\forall k\geq 1$ .
A4. (2) $\rho$ $0\leq\rho<$
($m=M$ $0\leq\rho<\infty$ .)
A2 , $f$ $D$ , $x^{*}\in D$ .
5
$-g_{k}$ $s_{k}$ $\psi_{k}$ . ,
$\cos$ $\psi_{k}=\triangle\frac{-g_{k}^{\mathrm{T}}s_{k}}{||g_{k}||||s_{k}||}.\cdot$
, Byrd, Nocedal and Yuan [1]
, $\cos\psi_{k}>0$ ,
.
, A1-4 , .
1 $c_{1},$ $c_{2}$ , :
(i) $c_{1}||g_{k}||\cos\psi k\leq||$ sk $||\leq c_{2}||g_{k}||\mathrm{c}o\mathrm{s}\psi$ k,
(ii) $0<f_{k+1}-f*\leq$ [ $1-\sigma_{1}mc_{1}\cos 2\psi$k] $(f_{k}-f_{*})$ .
$f_{*}=f(x^{*})$ .
146
2 $\{f_{k+1}-f_{*}\}$ $1-\sigma_{1}mc_{1}\mathrm{c}$.os2 $\psi_{k}$
.
2 $\alpha_{k}$
$c_{1} \frac{s_{k}^{\mathrm{T}}B_{k}s_{k}}{||s_{k}||^{2}}\leq\alpha_{k}\leq c_{2}\frac{s_{k}^{\mathrm{T}}B_{k}s_{k}}{||s_{k}||^{2}}$ .
$\frac{||B_{k}s_{k}||}{||s_{k}||}\leq||B_{k}||<\mathrm{T}\mathrm{r}(B_{k})$ , $\cos\psi_{k}$
:





$\alpha_{k}$ , $\mathrm{T}\mathrm{r}(B_{k})$ .
, .
3 $c_{3},$ $m_{1},$ $M_{1},$ $M$2 , :





$\frac{|z_{k}^{\mathrm{T}}B_{k}s_{k}|}{s_{k}^{\mathrm{T}}z_{k}}$ $\leq$ $\frac{M_{2}\alpha_{k}}{c_{1}m_{1}\cos\psi_{k}}$ .
$\mathrm{T}\mathrm{r}(B_{k+1})$ . ) $B_{k+1}$ (3)
$\mathrm{T}\mathrm{r}(B_{k+1})$ $=$ $\mathrm{t}\mathrm{r}(B_{k})+\frac{||z_{k}||^{2}}{s_{k}^{\mathrm{T}}z_{k}}-\frac{||B_{k}s_{k}||^{2}}{s_{k}^{\mathrm{T}}B_{k}s_{k}}+\phi$k
$(s_{k}^{\mathrm{T}}B_{k}s_{k})||v_{k}||_{:}^{2}$
$||$ vk $||^{2}$ $=$ $\frac{||z_{k}||^{2}}{(6_{k}^{\mathrm{T}}1z_{k})^{2}}-2\frac{z_{k}^{\mathrm{T}}B_{k}s_{k}}{(s_{k}^{\mathrm{T}}z_{k})(s_{k}^{\mathrm{T}}B_{k}s_{k})}+\frac{||B_{k}s_{k}||^{2}}{(s_{k}^{\mathrm{T}}B_{k}s_{k})^{2}}$
. $||v_{k}||$ , 2
( $\phi_{k}\in[0,1$ ] )
$\mathrm{T}\mathrm{r}(B_{k\{1})$ $=$ $\mathrm{T}\mathrm{r}(B_{k})+\frac{||z_{k}||^{2}}{s_{k}^{\mathrm{T}}z_{k}}+\phi$k $\frac{||z_{k}||^{2}}{s_{k}^{\mathrm{T}}z_{k}}\frac{z_{k}^{\mathrm{T}}B_{k}s_{k}}{s_{k}^{\mathrm{T}}z_{k}}-$ ( $1-\phi$k) $\frac{||B_{k}s_{k}||^{2}}{s_{k}^{\mathrm{T}}B_{k}s_{k}}-2\phi_{k}\frac{z_{k}^{\mathrm{T}}B_{k}s_{k}}{s_{k}^{\mathrm{T}}z_{k}}$
.
$\leq$ $\mathrm{T}\mathrm{r}(B_{k})+M_{1}+\eta_{k}\alpha_{k}$ . (7)
147
$_{arrow}^{\sim}\backslash ^{\backslash }\llcorner$ ,
$\eta_{k}=\triangle\frac{\phi_{k}c_{3}M_{1}}{1-\sigma_{2}}-\frac{1-\phi_{k}}{c_{2}\cos\psi_{k}}+\frac{2\phi_{k}\mathrm{J}I_{2}}{c_{1}m_{1}\mathrm{c}\mathrm{o}\mathrm{s}\prime\psi_{k}}$. (8)
: (6) \mbox{\boldmath $\alpha$}k\leq c2 (Bk) $\cos\psi_{k}\leq c_{2}1(B_{k})$ , (7) 3
$\eta$k $\alpha k\leq(\frac{c_{3}M_{1}}{1-\sigma_{2}}+\frac{2M_{2}}{c_{1}m_{1}}$) $c_{2}\mathrm{T}\mathrm{r}(B_{k})$
, (7) :
Tr(Bk+l)\leq A $+c_{4}\mathrm{T}\mathrm{r}(B_{k})$ .
$_{arrow}^{\backslash ^{\backslash }}’\llcorner$ ,
$c_{4}=1+ \frac{c_{3}M_{1}}{1-\sigma_{2}}+\frac{2M_{2}}{c_{1}m_{1}}$ .









4 $\phi_{k}\in[0,1]$ . , $c_{6}$ ,
:




1( ) $\{x_{k}\}$ [QN] .
, $\phi_{k}\in[0, \delta](0\leq\delta<1)$ , $\alpha_{k}$ Wolfe $(4)-(5)$ .
, $B_{1}$ , $\{x_{k}\}$ $x^{*}$ .
( ) $\cos\psi_{k}$ $\{x_{k}\}$ ,
$\{f_{k}-f_{*}\}$ ( 1) $x_{k}arrow x$ ” . )
$\cos\uparrow[Jkarrow 0$ , .
$\mathrm{c}.\mathrm{o}\mathrm{s}\vee J_{k}arrow 0$ , $\eta_{k}$ (8) $\eta_{j}arrow-\infty$ . , $K_{0}$
, :
$\eta j<-$2M1/c6, $\forall j\geq K_{0}$ .
(7) : $k\geq K_{0}$ ,
$0<\mathrm{T}\mathrm{r}(B_{k+1})$ $\leq$ $\mathrm{T}\mathrm{r}(B_{K_{0}})+l\mathfrak{l}/I_{1}(k+1-K_{0})+\sum_{j=K_{0}}^{k}\eta j\alpha j$
$\mathrm{T}\mathrm{r}(B_{K_{0}})+M_{1}(k+1-K_{0})-\frac{2\Lambda I_{1}}{c_{6}}\sum_{j=K_{0}}^{k}\alpha j$ . (9)
, 4 $\mathrm{b}\mathrm{I}$ [ ,
$( \sum_{j=1}^{k}\alpha_{j})/k$ $\geq$ $( \prod_{j=1}^{k}\alpha_{j})^{1/k}$ ( )
$\geq$ $c_{6}$ ( 4 )
, $\sum_{j=1}^{k}\alpha_{j}\geq c_{6}k$ $\sum_{j=K_{0}}^{k}\alpha_{j}\geq c_{6}k-\sum_{j=1}^{K_{0}-1}\alpha$ j. (9) ,
0 $<$ ’Ir(B$K_{0}$ ) $+M1$ $(k+1-K_{0})- \frac{2M_{1}}{C\mathfrak{g}}.c_{6}k+\frac{2M_{1}}{c_{6}}\sum_{j=1}^{K_{0}-1}\alpha_{j}$
$=$ $\mathrm{T}\mathrm{r}(B_{K_{0}})+M_{1}(1-K_{0}-k)+\frac{2M_{1}}{c_{6}}\sum_{j=1}^{K_{0}-1}\alpha_{j}$.
$karrow\infty$ , $arrow-\infty$ , .
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, $\rho$ 1 (
) . , 1
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